Background: Obesity is a growing worldwide epidemic among women of reproductive age, including pregnant women. The increased prevalence of obesity has been accompanied by an increase in gestational weight gain. Maternal obesity has deleterious consequences for both mother and child. Objective: To review the recent guidelines from the National Institute for Health and Clinical Excellence and the Institute of Medicine regarding gestational weight gain and interventions to treat obesity during pregnancy. Methods: Guidelines on gestational weight gain from these organizations, as well as reports of gestational weight gain in the published literature, are summarized. Results: Many normal and overweight parturients exceed the recommendations in the guidelines, which may contribute to postpartum obesity. Conclusion: Lifestyle changes, including dieting and increased activity, may help to limit excessive gestational weight gain but the optimal strategy remains unclear.
Introduction
Pre-conception maternal obesity affects an increasing number of women worldwide [1] . In the UK, the prevalence of women with normal body mass index (BMI, calculated as weight in kilograms divided by the square of height in meters)-defined as 18.5-24.9-decreased from 49% in 1993 to 41% in 2008 [2] . Concurrently, the proportion of women who were obese (BMI > 30) increased from 16% in 1993 to 25% in 2008 [2] . Similarly, in the USA, an estimated 35.5% of women were obese in 2007 [1] , and there was a 70% increase in the number of mothers affected by pre-conception obesity between 1994 and 2003 [3] . In both countries, the increased prevalence of obesity has been accompanied by an increase in the average weight gained during pregnancy [4] .
The aim of the present article was to review guidelines for the management of obesity during pregnancy: specifically, the rationale behind recent revisions to guidelines regarding the management of pre-conception BMI and gestational weight gain. In particular, we focused on modifiable behaviors such as diet and physical activity. First, the risks posed by maternal obesity during pregnancy for both mother and child are reviewed. Second, the guidelines regarding pregnancy weight and management from the National Institute for Health and Clinical Excellence (NICE) and the Institute of Medicine (IOM) are outlined. Third, we discuss how to achieve the recommended weight targets and the difficulties associated with implementing lifestyle changes in a sedentary population.
Risks posed by obesity during pregnancy

Maternal mortality and comorbidities
Confidential Enquiries into Maternal and Child Health (CEMACH) is an organization comprising physicians, midwives, and public health faculty in the Royal College of Physicians [5] . Data were collected from health professionals and medical record review of all maternal deaths in the UK [5] . Although maternal mortality was rare (13.1 maternal deaths per 100 000 pregnancies) during 2000-2002, CEMACH reports indicated that there was a 50% greater prenatal and peripartum mortality rate among obese mothers than among non-obese mothers [5] .
In addition to maternal death, maternal pre-conception BMI has been linked to other comorbid conditions. The most common of these complications include gestational diabetes mellitus (GDM) [6] , hypertensive disorders [7] , and cesarean delivery [8] . In a study of women in California (n = 455), women who gained 2.3-10 kg per year had a 2.5-fold increased risk of GDM compared with women whose weight remained stable [6] .
In another large series (n = 2947), there were 4 risk factors for pre-eclampsia [7] . The strongest risk factor was systolic blood pressure at conception, followed by pre-pregnancy BMI, number of prior induced or spontaneous abortions, and smoking history (which was protective) [7] . An increase in relative pre-pregnancy weight (defined as percentage of desired weight for height) also increased the risk for pre-eclampsia [7] . A 20% increase above the desired weight was associated with an increased risk of pre-eclampsia (P b 0.001) [7] . In a meta-analysis, the odds of cesarean delivery increased with increasing BMI category [8] .
Fetal outcomes
Greater maternal pre-conception BMI has also been linked to adverse fetal outcomes such as spontaneous abortion, neural tube defects, and macrosomia [9, 10] . Although the overall incidence of spontaneous abortion was low, a meta-analysis found that the risk was greater in obese versus non-obese women (odds ratio [OR] 3.05; 95% confidence interval [CI], 1.45-6.44) [9] . In a large cohort of infants (n = 10 249), maternal obesity increased the odds of spina bifida (OR 2.09; 95% CI, 1.63-2.70), heart defects (OR 1.26; 95% CI, 1.11-1.43), and diaphragmatic hernias (OR 1.41; 95% CI, 1.01-1.97) [10] .
Infants born to obese mothers are more likely to be large for gestational age (LGA) or greater than 90th percentile for birth weight; out of 12950 deliveries, the prevalence of LGA infants was 17% among obese mothers, 12% among overweight mothers, and 11% among non-obese mothers (P b 0.01) [11] . Pre-conception maternal obesity (OR 1.6) and pre-conception diabetes (OR 4.4) were independent risk factors for having an LGA infant [11] . The population-attributable risk for LGA is significantly larger for pre-conception maternal obesity, given that maternal obesity is more common than pre-conception diabetes [11] .
Within the past decade, NICE and the IOM have issued guidelines regarding gestational weight gain. We focus on these 2 sets of guidelines because other international perinatal organizations subscribe to 1 of the 2 sets. For instance, the American Congress of Obstetricians and Gynecologists (ACOG) supports the recent IOM guideline revision. However, ACOG and the Royal College of Obstetricians and Gynaecologists (RCOG) supplement their pregnancy management guidelines with activity guidelines, which will also be reviewed briefly.
NICE guidelines
The IOM and NICE guidelines differ in that the former offers specific guidelines for weight gain during pregnancy based on pre-pregnancy BMI, whereas the latter recommends tips for healthful eating and activity but does not recommend specific gestational weight gain targets.
NICE recommendations include a pre-pregnancy BMI in the 18.5-24.9 range [12] (Table 1 ). However, pregnant women are not advised to lose weight during pregnancy. Instead, guidelines encourage women with a BMI of 30 or more at pregnancy to lose weight after delivery and before their next pregnancy [12] . NICE recommends encouraging moderate physical activity before, during, and after pregnancy [12] . If a woman has a low level of activity prior to pregnancy, the committee recommends starting with 15 minutes of light-intensity activity 3 times per week, then increasing to 30 minutes daily, as tolerated [12] . If a pregnant woman had a high level of activity prior to pregnancy, higher-intensity exercise is encouraged [12] .
Although NICE recommends a low-fat diet, it does not provide specific recommendations for caloric restriction for weight loss or maintenance [13] . NICE recommends women of childbearing age and pregnant women to eat a variety of foods, including 5 servings of fruit and vegetables daily and a serving of oily fish weekly [13] . Women of childbearing age should take folic acid supplementation equivalent to 400 μg daily prior to pregnancy and during the first trimester [13] . NICE also recommends vitamin D supplementation of 10 μg daily for all pregnant women [13] .
IOM guidelines
1990 IOM guidelines
The 1990 IOM guidelines were based on standards for weight and height derived from Metropolitan Life Insurance tables with different BMI cutoffs for classification of underweight (b 19.8), normal weight (19.8-26) , overweight (26) (27) (28) (29) , and obese (>29) women than are currently accepted [4, 14] . These tables were established in 1943 and recommended weights for certain heights in women based on body frame size (small, medium, and large), which was estimated by measuring elbow circumference [15] . Recommended weights were based on lowest mortality at 25-59 years of age [15] . The 2009 guidelines use BMI categories with different cutoff values, which are accepted by WHO, of 18.5, 25, and 30 [14] .
2009 IOM guideline revision
The 2009 IOM revisions were driven by changing maternal demographics-specifically, an increasing range of maternal age over the preceding 2 decades, as well as increasing gestational weight gain, baseline weight, and shifts in race and ethnicity among pregnant women [4] . In addition, the IOM Committee noted that the subgroups most at risk for poor maternal and fetal outcomes commonly have overweight and obese members and that recent increases in maternal age further increased comorbidity risk [4, 6, 7] . The 1990 gestational weight gain guidelines recommended a minimum gestational weight gain goal of at least 6 kg (15 lb) for obese women (then defined as BMI > 29) and did not supply a maximum gestational weight gain goal for this subgroup [14] . The IOM evaluated data from large groups of women, birth certificates, the Pregnancy Risk Assessment Monitoring System, the Pregnancy Nutrition Surveillance System for evaluation of gestational weight gain [4] , and a systematic review conducted for the Agency for Health Quality Research (AHRQ) [16] . The AHRQ report found that the most important maternal health consequences of gestational weight gain were postpartum weight retention and non-elective cesarean delivery [4, 16] . Pre-eclampsia and GDM had less robust associations with prenatal weight gain [4, 16] . Whereas the relationships between pre-conception BMI and both GDM [4] and hypertensive disorders [7] are well known, the relationship between these disorders and gestational weight gain is not as firmly established [4] . The AHRQ report noted that total gestational weight gain, rather than rate of gestational weight gain, was used in many studies, and the trimester of weight gain may have differential effects on maternal and fetal outcomes [16] . There was also an insufficient amount of quality data regarding gestational weight gain (either total or rate), glucose intolerance, or hypertensive disorders during pregnancy to make firm conclusions regarding the relationship between gestational weight gain and metabolic disorders of pregnancy.
The most significant child health outcomes identified by the IOM Committee included size at birth (small for gestational age and LGA), preterm birth, and childhood obesity [4] . Short-term outcomes such as fetal growth and preterm birth were noted to be significantly associated with neonatal morbidity and mortality [4] . Childhood and adolescent obesity was noted to be increasing among children in the USA since 1980, possibly increasing the risk of adult obesity [4, 17] . Small for gestational age was noted to be associated with increased risk of hypoglycemia, immune dysfunction, and perinatal mortality [18] . Large for gestational age was also associated with increased risk of comorbidities for the infant as well as injuries to the mother, particularly birth traumas such as shoulder dystocia [4, 9] .
Summary of key differences between 1990 and 2009
The 2009 IOM report noted that pre-conception BMI independently predicted many poor pregnancy outcomes for both mother and child [4] . Therefore, the report recommended that women should have a BMI in the normal range between 18.5-24.9 prior to conception [4] ( Table 2 ). The 2009 IOM revision differs from the 1990 guidelines in several important ways. First, the 2009 guidelines are based on observational data and WHO cutoff points for BMI categories instead of Metropolitan Life Insurance tables [4] (Table 2) . Second, the more recent guidelines have a narrow range of recommended gestational weight gain for obese women, whereas the 1990 guidelines did not recommend an upper limit for gestational weight gain for this subgroup [4] . Third, frame size is no longer used as a modifier.
The revised guidelines also recommend total gestational weight gain based on pre-conception BMI such that women with normal BMI gain 11.5-16 kg on average during their pregnancy, whereas women with BMI categorized as overweight and obese gain less in total: 7-11.5 kg and 5-9 kg, respectively [4] (Table 2) . Although the mean weight gain for underweight women in these databases falls within the new recommendations, some women with normal BMI and a greater proportion of women who are overweight or obese will gain more weight than is recommended by the recent gestational weight gain guidelines [4] . These data emphasize the fact that individualized interventions are needed to aid women in achieving recent guideline recommendations [4] .
ACOG and RCOG guidelines
Although ACOG endorses IOM weight guidelines, it has developed separate recommendations for physical activity. ACOG recommends that pregnant women exercise 30 minutes daily [19] . It also recommends screening all pregnant women clinically prior to recommending an exercise program [19] . In support of the guidelines from ACOG, RCOG recommends that all women do aerobic and strength-conditioning exercise during pregnancy [20] . RCOG also recommends that women should minimize activities-such as skiing and contact sports-that risk loss of balance and fetal trauma [20] . Both organizations recommend exercise as a safe way to maintain health and vitality during pregnancy, with no known risk to the fetus or mother in most circumstances [19, 20] .
Physical activity before pregnancy can reduce the incidence of comorbidities during pregnancy [21, 22] , with greater activity before pregnancy associated with reduced odds of GDM [22, 23] .
There are conflicting reports regarding the association between exercise and pre-eclampsia, although a few small studies have found that regular activity in the year preceding pregnancy reduces the risk of pre-eclampsia [21] and that regular activity during early pregnancy reduces the risk of hypertensive disorders of pregnancy [24] . Physical activity has also been associated with decreased rates of cesarean delivery [25] , and less anxiety and depression in the postpartum period [26] . The literature is conflicting with regard to whether physical activity during pregnancy reduces duration of labor [25] , improves sleep [27] , or impacts health-related quality of life [28] . However, women who exercise before and during pregnancy have less frequent nausea, heartburn, round ligament pain, and leg cramps throughout their gestation [27] .
Implementation of gestational weight gain guidelines
Since the IOM guidelines were published, there have been several studies examining the impact of interventions on gestational weight gain, as well as prospective studies examining the effects of preconception and prenatal behaviors on pregnancy outcomes. Although the IOM guidelines are extensive in their discussion of the rationale for gestational weight gain, they include less information on how to achieve recommended targets. The IOM first recommends that physicians educate women of childbearing age on achieving healthy weights within the normal BMI range and on the existence of the IOM guidelines on gestational weight gain prior to conception. Second, the IOM recommends using resources such as MyPyramid.gov for all pregnant women, and individualized nutrition counseling for patients exceeding gestational weight gain goals [4] . If weight gain is outside the recommendations, clinicians should evaluate for other etiologies of excessive or inadequate weight gain, specifically in terms of composition of increased weight (fat versus edema) and adequacy of fetal growth, before any alterations to pattern of weight gain are made [4] . Evidence-based strategies for optimal implementation are not currently clear. Some [29] [30] [31] [32] [33] , but not all [29, 34] , studies have found a benefit from interventions to reduce gestational weight gain. In a systematic review of 10 randomized controlled and quasi-randomized controlled trials of healthy normal-weight or overweight/obese pregnant women, dietary intervention during pregnancy significantly decreased total gestational weight gain (n= 1434; weighted mean difference [WMD] −1.92 kg; 95% CI, −3.65 to −0.19; P = 0.03), 6-month postpartum weight retention (n=443; WMD −1.90 kg; 95% CI, −2.69 to −1.12; P b 0.0001), and incidence of cesarean delivery (n= 609; relative risk 0.75; 95% CI, 0.60 to −0.94; P =0.013) [29, 30] . Dietary interventions during pregnancy, which varied in intensity across trials, did not have a significant effect on birth weight, pre-eclampsia, GDM, or preterm birth [29] . Although this review showed reductions in weekly and total gestational weight gain, there was no significant evidence for effects on preventing gestational weight gain above IOM guidelines, and the reduction was small (approximately 2 kg) but statistically significant [29] . In all studies in the review, all types of intervention were associated with at least a 2-kg reduction in total gestational weight gain [29] . The above-mentioned studies show that dietary education can significantly reduce gestational weight gain among pregnant women, and in some trials among overweight and obese women as well.
In addition to nutrition interventions, physical activity interventions may help to limit gestational weight gain. In a systematic review, provision of written materials and strategies to change behavior increased physical activity among patients [35] . Exercise on at least 5-if not all-days of the week is recommended by ACOG and RCOG [19] . Intensity of activity can be most conveniently estimated by using a rating of perceived exertion and ability to talk during exercise [36] ; the use of maternal heart rate monitoring during activity has been questioned owing to lack of scientific data regarding correlation with intensity of activity for pregnant women [36] .
Although there are many benefits associated with exercise, particularly during pregnancy, convincing women of childbearing age to exercise before and during pregnancy is difficult in a sedentary population. In addition, barriers to physical activity include other comorbidities such as joint pain and depression. Information from the Centers for Disease Control and Prevention found that, among 205 140 US adults, only 45.4% met recommendations for 30 minutes of moderate-intensity activity on 5 or more days per week [37] . These data demonstrate the difficulty in convincing the general adult population to exercise; motivating obese pregnant women to exercise daily could be an even greater challenge.
There are several patient-and provider-level factors that limit guideline implementation. Patient-level factors include patient acceptance of a weight problem and willingness to change behavior. Exercise can be physically and mentally difficult for obese pregnant women owing to lack of physical conditioning and embarrassment regarding their figures. Proper instruction on how to initiate an exercise program is imperative.
Furthermore, provider-level factors such as time restrictions and reimbursement limitations may challenge guideline implementation. There must be education of providers on the recent guidelines and instruction on how best to counsel pregnant women to make lifestyle changes. However, practitioners operate in very busy practices, and even when they have the desire to spend more time counseling patients they may not have the available time.
There are fewer studies examining how to achieve gestational weight gain guidelines specifically among overweight and obese women. In a small randomized controlled trial, Artal et al. [31] studied 96 obese women with GDM and found that a dietary and activity intervention decreased total gestational weight gain more than a dietary intervention alone (0.1 ± 0.4 kg vs 0.3 ± 0.4 kg; P b 0.05). These differences amounted to 0.2 kg, which-although statistically significant-was very small. In a randomized controlled trial of 360 obese pregnant women in Denmark, an intervention of dietary advice, free gym membership, and personal training significantly reduced mean gestational weight gain compared with controls: 7 kg (range, 4.7-10.6 kg) versus 8.6 kg (range, 5.7-11.5 kg) (P = 0.01) [33] . Furthermore, 35.4% of the intervention group exceeded the IOM gestational weight gain recommendations, compared with 46.6% of the control group (P=0.058) [33] . In a case-control study in Sweden, Claesson et al. [32] evaluated 155 obese pregnant women and provided weekly motivational discussions and water aerobics classes to the intervention group, which experienced less total gestational weight gain (Pb 0.001) and lower postpartum BMI than the control group (Pb 0.001) [32] . The above-mentioned studies were limited by small sample sizes and highlight the fact that large randomized controlled trials are needed on limiting gestational weight gain among obese pregnant women. Furthermore, the studies reported results amounting to less than 4 kg of difference in total gestational weight gain between intervention and control groups, and therefore cannot-by themselves-remedy the increasing problem of gestational weight gain and postpartum weight retention.
The most successful interventions to prevent excessive gestational weight gain include physical activity and diet [31] ; calorie goals and use of structured meal plans; and perhaps daily self-monitoring of dietary intake, frequent weight measurements, and behavioral strategies [30, 38, 39] . These interventions do not have to be delivered face to face. In a feasibility trial [39] , telephone counseling for lifestyle change was more effective than usual care for achieving postpartum weight goals among women with lower gestational weight gain (absolute difference 22.5%; P = 0.04).
The effectiveness of provider-focused interventions remains untested and unknown. Ideally, increasing physical activity levels would be assisted by educating providers on counseling patients regarding exercise, providing written materials such as an exercise prescription, discussing strategies for changing activity levels [12] , and teaching women warning signs to stop activity [19, 20] . Exercise prescriptions have been recommended but not yet validated [35] . Similarly, restricting calories and improving dietary quality would also be assisted by provider assistance, but evidence supporting provider-based dietary counseling is lacking. There may be a lack of knowledge among healthcare providers regarding definitions of obesity based on BMI and what the guidelines recommend. A small study of 58 obstetricians, nurse practitioners, and midwives in Massachusetts, USA, found that few providers were aware of the definitions of obesity or IOM recommendations for gestational weight gain [40] . Interestingly, providers' personal factors such as self-confidence and body satisfaction were independently predictive of IOM guideline adherence [40] . Education for healthcare providers on recent guidelines for gestational weight gain may be a strategy to help pregnant women achieve gestational weight gain recommendations.
Conclusions and future research
Pre-conception maternal obesity is a growing epidemic and corresponds to an increase in gestational weight gain in recent decades [1, 4] . NICE, IOM, and other organizations have issued guidelines on gestational weight gain, nutrition, and activity but it is not clear how best to implement these guidelines. Although a large percentage of women of childbearing age have a BMI classified in the obese range, there is currently insufficient evidence to develop more detailed guidelines regarding gestational weight gain for these women [4] . Even though the risks of obesity to maternal and fetal health were emphasized in the IOM report, the committee found that the evidence for specific cutoffs for gestational weight gain was limited because of poor data quality. Consequently, there were only inadequate data linking gestational weight gain to maternal and child health outcomes beyond the neonatal period [4] . Further investigation of the impact of gestational weight gain on health outcomes for mother and child is needed [4] . Current research is limited by small sample sizes and few studies examining obese, rather than normal-weight and overweight, pregnant women. Because the IOM recommendations for gestational weight gain, as well as pre-conception BMI targets, are based on observational data, further randomized trials are needed to confirm the effectiveness of pre-conception weight and gestational weight gain reduction. Finally, the optimal implementation of these strategies must be tested in translational research.
